profitability and growth. They are potentially major sources of risk in return. These two mentioned variables are known in most studies as two specific market indicators that raise questions about the model. These findings diminished the credence of this model, and a new wave was formed in the development field of financial theories with the aim of explaining the causes of these special consequences. Fama and French (2006) have studied for the three variables, book-to-market (B/M) ratio, profitability, and investment effects, which are related to expected stock returns according to the dividend discount model and the valuation equation. They confirm the implies of valuation theory that high rates of investment are related to low expected returns when controlling B/M ratio and profitability, while controlling two other variables, high profitable stocks have higher expected stock returns.
Novy-Marx (2013) uncovers a positive relationship between profitable firms and expected returns. Haugen and Baker (1996) and Cohen et al. (2002) find that, controlling for book-to-market equity, average returns are positively related to profitability. Fairfield et al. (2003) , Richardson and Sloan (2003), and Titman et al. (2004) show a negative relation between average returns and investment.
Especially, Hou et al. (2015) examine nearly 80 anomalies in the literatures from January 1972 to December 2012 on US market based on q theory, but about one-half of the anomalies seems to exaggerate their explaining power for average stock returns. They come to a conclusion that a four-factor model which includes the market factor, size factor, profitability factor, and investment factor explains the cross-sectional average stock returns to a large extent and outperforms the FF3F Model and Carhart (1997) four-factor model.
Motivated by the "Dividend Discount Model" and recent empirical findings on the strong profitability and investment effects in asset returns 1 , Fama and French (2014) propose a five-factor model that contains the market factor and factors related to size, book-to-market equity ratio, profitability, and investment and test the performance of the five-factor model on the US market using the data from July 1963 to December 2013. They use three sets of factors 2 in order to examine whether the specifics of factor construction do have important impact on the results of the test of asset pricing models. Their results suggest that a five-factor model performs better than the three-factor model of Fama and French (1993) . But the five-factor model fails to capture low-average returns on small stocks with high investment and low profitability. They also show that the model's performance is not affected by the way the factors are calculated. With two additional factors, their results also suggest that the value factor (HML) becomes redundant.
There is not much research on Fama-French Five-Factor Model (FF5F Model hereafter) outside of US market. For instance, Fama and French (2015) perform the international tests of FF5F Model in North America, Europe, Japan, and Asia Pacific. Expected stock returns increase with the B/M ratio and profitability and decrease with investment for North America, Europe, and Asia Pacific; however, the average stock returns show little relation to profitability or investment factors. Martinsa and Eid Jr (2015) test the performance of FF5F Model on Brazilian market and find that FF5F Model performs better than their previous work in three-factor model. The market factor, SMB, and HML capture most of the variations of average expected excess returns in the time-series regressions; however, the profitability and investment factors have shown less explanatory power. Chiah et al. (2015) investigate the FF5F Model on Australia market, and the results indicate that the profitability and investment factors have significantly positive premium. FF5F Model proved to be able to explain average stock returns better than FF3F Model in Australia; in contrary to Fama and French (2014) results, the value factor (HML) remains its explanatory power in the presence of the investment and profitability factors.
To the best of our knowledge, many literatures (such as Drew et al. (2003) , Eun and Huang (2007) , Wang and Di Iorio (2007) and Chen et al. (2015) , etc. ) have examined the ability of FF3F Model in predicting the movements of stock price in China. However, there is no such a work of applying FF5F Model on Chinese stock market so far. This study constructs the profitability and investment factors and explores the Fama-French Five-Factor Model on Chinese A-share stock market, providing the latest evidence of factor model and an update to the existing asset pricing literature on Chinese stock market. In addition, we compare the performance of FF5F Model and FF3F Model on Chinese A-share stock market; furthermore, we compare the empirical results between Chinese and US stock market over the same time interval.
Following, we begin with a brief introduction of Chinese special features. The Data and Methodology section describe the data and construction of FF five factors and three sets of portfolios. The empirical results on Chinese stock market are presented in the Results section, while the empirical results of FF5F Model on US stock market are shown in the Fama-French Five-Factor Model on US stock market section. In the Discussion section, we provide direction for further research. Conclusions of this study are in the Conclusions section.
Special features of Chinese stock market
The emerging empirical literatures suggest that Chinese market has some special features, and it is inevitable to consider those special features if researchers want to have more accurate empirical results in China. As such, Zhan-hui (2004) , Xu (2013), and Hung et al. (2015) implement their researches considering one or several special features on Chinese stock market. We summarize two primary features which are also most frequently employed by literatures.
Tradable and non-tradable shares: it is well known that China have substantial holdings of non-traded shares which means that these shares are not effectively valued. Before April 2005, listed companies had two kinds of shares outstanding which are tradable shares and non-tradable shares (held by government agencies or government-related enterprises and were non-tradable in the public market). Chinese government started the share-structure reform in April 2005 to legally convert non-tradable shares to tradable shares. Almost all Chinese listed companies completed the reform by the end of 2006. Using only tradable shares to value weight stock returns is the right way to proceed.
Segmentation of Chinese stock market: more than 170 Chinese listed firms have issued multiple class shares which have the same cash flow and voting rights but are traded in different markets. Some of them have A-shares and B-shares, some have A-shares and H-shares, and others have the A-shares and shares in other foreign markets. Since these shares share the same cash flow and voting rights, they usually have the same claim on the firm's book value of equity. Our research focuses only on the Chinese A-share stock market, in order to obtain the book-to-market equity ratio per A-share of a company with multiple class shares; it is incorrect to divide the firm's total book value equity from its balance sheet by the total market value. Instead, the correct way is to calculate the book value equity per share divided by the A-share price.
On account of the special features of Chinese stock market, the value-weighted stocks are constructed using their tradable shares, and book-to-price (B/P) ratio is used instead of B/M ratio in this study.
Methods

Data
Chinese A-share stocks contain both A-share stocks of Shanghai Stock Exchange (SSE) and Shenzhen Stock Exchange (SZSE). We choose all the firms on Chinese A-share stock market excluding financial firms and firms with negative B/P ratio. In addition, a firm is eliminated if the relevant information is missing in a particular month or period and the obvious errors are corrected manually.
For the period of July 2010 to May 2015 (59 months), monthly index prices and stock prices are obtained from Bloomberg, so as to their market capitalization, book value per share, total shares outstanding, and listed shares outstanding. Furthermore, riskfree rate (RF rate) is a typical proxy for the return on a 1-month Treasury bill. But in China, the 1-month Treasury bill has never been issued until February 2007. To keep it consistent with our sample period, we replace it with "Three-Month Treasury Bill Rate (3M rate)" and the 1-month risk-free rate is then equal to the 3M rate divided by three.
Construction of Fama-French five factors
Fama and French (2014) Five-Factor Model contains the market factor and factors related to size, book-to-market equity ratio, profitability, and investment:
Where R i,t − R f is the excess returns of portfolio i at time t; a is the constant; b, s, h, r, and c are respectively the coefficient for corresponding factors; e is the error term; R M,t − R f is the excess market returns (market factor); SMB and HML are factors related to size and B/P ratio, while RMW is the factor related to firm's profitability which is the difference between the returns on portfolios of robust (high) profitability and weak (low) profitability firms; and CMA is the one related to investment, which is the difference between the returns of conservative (low) investment portfolios and aggressive (high) investment portfolios. Table 1 shows the annual number of firms that have available data of firm size, B/P ratio, operating profitability (OP), and investment (Inv) on Chinese A-share stock market. The OP numbers are always less available than Inv numbers, and there are even few (less than 30) available OP numbers before 2009. To be more accurate and reduce the bias generated because of the very few firm numbers, the research period of this study is from 2010 to 2014. The OP for June of year t is calculated as annually revenues minus cost of goods sold, interest expense, and selling, general, and administrative expenses divided by book equity for the last fiscal year end in t − 1. The investment portfolios are formed on the change in total assets from the fiscal year ending in year t − 2 to the fiscal year ending in t − 1, divided by t − 2 total assets at the end of each June.
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The size breakpoint for year t is the median Chinese A-share equity at the end of June of year t. The construction of portfolios on OP and investment are similar with that of portfolios on book-to-price ratio. At the end of each June, the firms are sorted into three OP portfolios based on the breakpoints of the 30th and 70th percentiles, and the three investment portfolios are formed in the same way using breakpoints-30th and 70th percentiles.
Similar to FF three factors that are constructed using the 6 value-weighted portfolios formed on size and B/M equity ratio 4 , the FF five factors are constructed on Chinese Ashare stock market using the 6 value-weighted portfolios formed on size and book-toprice (Size-B/P portfolios), the 6 value-weighted portfolios formed on size and operating profitability (Size-OP portfolios), and the 6 value-weighted portfolios formed on size and investment (Size-Inv portfolios). The Size-OP portfolios and Size-Inv portfolios are formed in the same way as the Size-B/M portfolios, except that the second sort variable is operating profitability or investment. At the end of each June, the intersections of two portfolios formed on size, small (S) and big (B), and three portfolios formed on profitability, weak profitability (W), neutral profitability (N), and robust profitability (R), are constructed into six "Size-OP" portfolios: SW, SN, SR, BW, BN, and BR
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. Similarly, the "SizeInv" portfolios, which are also constructed at the end of each June, are the intersections of two portfolios formed on size and three portfolios formed on investment, conservative investment (C), neutral investment (N), and aggressive investment (A). Thus, the six SizeInv portfolios are constructed: SC, SN, SA, BC, BN, and BA 6 . In FF5F Model, the market factor, which is the excess market return that computed as the difference between the value-weighted returns of all A-shares and the risk-free rate, and value factor remain the same as in the three-factor model, while the size factor SMB need to be reconstructed with profitability and investment factors, which is the average return on the nine small stock portfolios minus the average return on the nine big stock portfolios. The two additional factors are directed at capturing the profitability and investment patterns, which are indicated by RMW and CMA. RMW is the difference between returns on portfolios with robust (SR and BR) and weak profitability (SW and BW), and CMA is the difference between returns on portfolios of the stocks of low (SC and BC) and high investment (SA and BA) firms, which is called conservative and aggressive, separately. (More information of constructing FF five factors is presented in Appendix 2.) Fama and French (2014) ) perform the regressions using 25 Size-B/M portfolios, 25 Size-OP portfolios, and 25 Size-Inv portfolios. Following the same method, we firstly construct the three sets of 25 portfolios on Chinese A-share stock market (see Appendix 3). However, there are portfolios which contain no firms or less than five firms. So we choose to sort portfolios into six Size-B/P portfolios, six Size-OP portfolios, and six Size-Inv portfolios; the annual number of firms in the three sets of portfolios is displayed in Table 2 . The small size groups of Size-OP portfolios relatively have less stocks than that of big size groups, and the SR portfolio has no stocks in year 2009 and only one stock in SN portfolio. Therefore, because of the lack of data on firm numbers of Chinese A-share stock market, the interval of our research to processing FF5F Model is from July 2010 to May 2015 (59 months).
Results
Empirical results on Chinese A-share stock market
The empirical results of FF5F Model on Chinese A-share stock market during the period July 2010 to May 2015 are reported in this section; furthermore, we also provide the empirical results of FF3F Model over the same time interval for comparison. Table 3 reports the summary statistics of FF five factors and their correlation coefficients. Panel A is the summary statistics of FF five factors on Chinese stock market, the mean, standard deviation, standard error, sample variance, etc. Panel B is the correlation coefficients among the FF five factors; the profitability and investment factors are both positive related to market factor with low correlation coefficients (0.0418 and 0.1190) and negative related to size factor (−0.2227 and −0.2199). RMW is negatively related to value factor HML (−0.0217), while CMA is positively and relative highly related to HML with correlation coefficients of 0.4621. And the correlation coefficient between RMW and CMA is −0.3121. Table 4 presents the average excess return of six value-weighted Size-B/P portfolios (Panel A), six value-weighted Size-OP portfolios (Panel B), and six value-weighted Size- Inv portfolios (Panel C). It is apparent that there is the size effect: the big size portfolios always have the lower returns than the small size portfolios in each panel. Across the OP groups in Panel B, it is strange that the robust portfolios have lower returns than weak portfolios, perhaps the few data of OP cause the bias. Across the Inv groups in Panel C, it seems the neutral investment portfolios have the highest excess returns (0.0158 for small size and neutral investment portfolio, 0.0050 for big size and neutral investment portfolio) than the conservative and aggressive investment portfolios. The time-series regressions results of the three sets portfolios are demonstrated in Table 5 ; Panel A, Panel B, and Panel C are the results for the six value-weighted Size-B/P portfolios, Size-OP portfolios and Size-Inv portfolios, separately. All the t-statistics reported are corrected for heteroscedasticity and autocorrelation using the NeweyWest estimator with five-lags. The coefficients of excess market return are similar for all the three sets of portfolios; the coefficients of market factor are always around 1 and highly significant at 5% confidence level.
In Panel A, the intercepts are significantly distinguishable from zero, which means that FF5F Model may not completely capture the expected returns of Size-B/P portfolios. The regression coefficients of size factor SMB are all significant at 5% confidence level except the portfolio of big size and high B/P ratio, and the sign of slopes indicate that portfolios of small size have returns that are positively related to size factor, while returns of big size 
This table presents the time-series regressions results of six value-weighted Size-B/P portfolios, six value-weighted Size-OP portfolios, and six value-weighted Size-Inv portfolios on FF5F Model on Chinese A-share stock market during the period July 2010 to May 2015 (59 months). In each panel, the regression intercept a, the regression coefficients b, s, h, r, and c of market factor, size factor, value factor, profitability factor, and investment factor and adjusted R-square are respectively presented in the left part of the table; the corresponding t-statistics corrected for heteroscedasticity and autocorrelation using the NeweyWest estimator with five-lags and residual standard error are presented in the right part. Panel A is the regressions on six value-weighted Size-B/P portfolios; across the columns are the two size groups (small and big), and across the rows are the three B/P groups (low, medium, and high). Panel B is the regression results of six Size-OP portfolios, same as Panel A; across the columns are the two size groups, and across the rows are the three OP groups (weak, neutral, and robust). Panel C is the regression results of six Size-Inv portfolios; across the columns are the two size groups, and across the rows are the three investment groups (conservative, neutral, and aggressive). Numbers in italics are the t-stats which are significant at 5% confidence level portfolios are negatively related to size factor. The increase slopes of HML (h) across the size groups state that return of portfolios are positively related to B/P ratio. However, only one of the coefficients of profitability factor is marginally significant, and three out of six coefficients of investment factor are significant at 5% confidence level. In Panel B, the regression results for market factor, size factor, and value factor are fairly the same; the big difference is in profitability factor RMW; all coefficients are significant BN, and across size groups, more profitability portfolios tend to have higher excess returns. Three out of six coefficients of investment factor CMA are significant, two are the weak portfolios (0.2644 for portfolio SW with t-stats 2.4244 and 0.4613 for portfolio BW with t-stats 5.8956) and one is the portfolio SR (coefficients 0.5398 with t-stats 4.2483). In Panel C, the regression results of market factor, SMB factor, and HML factor are all satisfactory significant. The results for RMW is like Panel A, none of which is significant. And for the CMA factor, the result is similar as six Size-OP portfolios in Panel B, three coefficients of portfolio SC, BC, and SA are significant. And the investment effect is alike in the results of 25 Size-Inv portfolios in (Fama and French, 2014) , in which the aggressive investment portfolios have lower excess returns.
To summarize, market beta always plays an important role in explaining time-series variation of excess portfolio returns. For all the three sets of portfolios, there exists size effect that the excess returns are negatively related to firm size. And the value effect exists only in Size-B/P portfolios not in Size-OP and Size-Inv portfolios. For RMW, the coefficients are only significant in the Size-OP portfolios, but not in two other groups of portfolios. As to the CMA factor, the portfolios which have the weak profitability in Size-OP portfolios and portfolios which have the conservative investment in Size-Inv portfolios have positive coefficients; in addition, there is positive coefficient for the small size-robust OP portfolio and negative coefficient for the small size-aggressive investment portfolio. However, for the Size-B/M portfolios, the CMA significant coefficients are relatively dispersive. FF5F Model explains the Size-OP portfolios better than the other two sets of portfolios.
In order to investigate whether profitability and investment factors have additional explanatory power beyond FF3F Model and compare the performance of both FF3F Model and FF5F Model on Chinese A-share stock market during our research period, we implement the time-series regressions of the same three sets of portfolios (six value-weighted Size-B/P portfolios, six value-weighted Size-OP portfolios, and six value-weighted Size-Inv portfolios) on FF3F model over the same time interval (July 2010 -May 2015 . The regressions results are presented in Table 6 .
In Panel A of Table 6 (five out of six), loadings on SMB and HML are highly significant at 5% confidence level, and there exists stable size and value effect. In comparison with the results of FF5F Model (Panel A of Table 5), the explanatory power of size and value factor are much alike with or without the presence of profitability and investment factors. Though three out of six loadings on CMA are statistically significant, comparing the adjusted R-squares, FF5F Model seems not to perform better than FF3F Model during the research period. Thus, profitability and investment factors do not increase the explanatory power of FF three factors when regressions are implemented for six value-weighted Size-B/P portfolios.
Comparing Panel B of Tables 5 and 6 , the presence of RMW and CMA factors captures more time-series variation of average excess portfolio returns; FF5F Model explains average excess returns of six Size-OP portfolios better than FF3F Model regarding to the adjusted R-squares. Though four out of six loadings on CMA are significant in Panel C of Table 5 , the values of adjusted R-squares are very close for FF3F Model and FF5F Model. We cannot tell the big difference between the ability of two models in capturing the timeseries variation of returns of six value-weighted Size-Inv portfolios. In general, comparing the empirical results of FF3F Model, especially for the adjusted R-square term, the FF5FModel does not improve a lot and only slightly better in explaining the six value-weighted Size-OP portfolios.
Fama-French Five-Factor Model on US stock market
We implement the same time-series regressions on FF5F Model as reported in Table 5 using data of US market. The three sets of portfolios are downloaded directly from Kenneth R. French's website, and the time-series regression results are reported in Table 7 . The slopes of excess market return are always close to 1 and strongly positive for all three sets of portfolios of both countries. The slopes of SMB are strongly positive for small stocks and slightly positive or negative for big stocks; there exists size effect on both stock markets.
We next compare between each panels of Table 5 (Chinese market) and Table 7 (US market). Comparing "Panel A" of both tables, there exists value effect on both stock markets. As to the profitability factor RMW, four out of six loadings on RMW are statistically significant and specially all three loadings on small portfolios are negatively significant in the USA, while none of the loadings on RMW is significant at 5% confidence level in China. The slopes on RMW and CMA show not clear relationship between portfolio returns and profitability or investment.
Comparing Panel B, the regression results of six Size-OP portfolios are approximately close. All the slopes on profitability factor RMW are strongly significant, among which the slopes are strongly negative for the weak OP portfolios (low profitability) and strongly positive for the robust OP portfolios (high profitability) on US stock market, while five out of six loadings on RMW are significant on Chinese A-share stock market with the same pattern as US market. It is noticed that the loadings on CMA factor are 
This table reports the time-series regression of six value-weighted Size-B/P portfolios, six value-weighted Size-OP portfolios, and six value-weighted Size-Inv portfolios on FF3F Model on Chinese A-share stock market; across the columns are the two size groups, and across the rows are the three B/P ratio groups. The left part of the table is the coefficients obtained from the regressions (a is the intercept, b, s, and h are the regression slopes of FF three factors separately) and adjusted R-square. Correspondingly, the right part of the table is t-statistics corrected for heteroscedasticity and autocorrelation using the Newey-West estimator and the standard error of the estimation ε i,t . Numbers in italics are the t-statistics which are significant at 5% confidence level significant only for the three big size portfolios in US, and the slopes are not related to portfolios profitability. We find no apparent value effect when regressing the six Size-OP portfolios on FF5F Model on both stock markets.
The regression results for the six Size-Inv portfolios are quite different comparing Panel C of both markets. First, most loadings on HML lose their significance (only one out of six is significant) in the USA, while all the portfolios have strong negative exposure to HML on Chinese stock market but no value effect. Then, the small size portfolios always have significant exposure to RMW in the USA; while none of the loadings on RMW is significant on Chinese A-share stock market for the Size-Inv portfolios. 
This table presents the time-series regression results of six value-weighted Size-B/P portfolios, six value-weighted Size-OP portfolios, and six value-weighted Size-Inv portfolios on FF5F Model on US stock market. In each panel, the regression intercept a, the regression coefficients b, s, h, r, and c of market factor, size factor, value factor, profitability factor and investment factor, and adjusted R square are respectively presented in the left part of the table; the corresponding t-statistics corrected for heteroscedasticity and autocorrelation using the Newey-West estimator and residual standard error are presented in the right part. Panel A is the regressions on six Size-B/M portfolios; across the columns are the two size groups (small and big), and across the rows are the three B/M groups (low, medium, and high). Panel B is the regression results of six Size-OP portfolios, same as Panel A; across the columns are the two size groups, and across the rows are the three OP groups (weak, neutral, and robust). Panel C is the regression results of six Size-Inv portfolios; across the columns are the two size groups, and across the rows are the three investment groups (conservative, neutral, and aggressive). Numbers in italics are the t-stats which are significant at 5% confidence level Last, CMA factor seems to explain more time-series variation of excess stock returns in the USA than in China, since all the loadings on CMA are significant while only loadings of conservative and aggressive portfolios are significant on Chinese stock market. The slopes of conservative (low investment) portfolios are positive and the slopes of aggressive (high investment) portfolios are negative on both markets, which is consistent with FF's expected pattern. Furthermore, the adjusted R-squares of six Size-OP portfolios and six Size-Inv portfolios are slightly bigger in the USA than that in China, which indicates that FF5F Model explains the two sets of portfolios slightly better on US stock market than on Chinese A-share stock market. In addition, the profitability factor and investment factor are able to capture partially time-series variation of all three sets of portfolios' returns on US stock market, while on Chinese stock market, the profitability factor seems to be an explanatory factor only for the six Size-OP portfolios, where the portfolios are sorted by OP.
Discussion
Though less explanatory power than on US stock market, FF3F Model is able to capture more than 90% of time-series variation of average excess stock returns on Chinese A-share stock market during the research period. However, it remains less than 10% of average returns that cannot explained by FF3F Model. This study investigates two augmented factors proposed by FF recently, profitability factor and investment factor, but we find no significant improvement of FF5F Model comparing to FF3F Model except for the six value-weighted Size-OP portfolios.
Since there exist several special features on Chinese stock market, the determinants for asset returns might be different from those in developed countries such as the USA. One possible extension of this study is to consider alternative factors instead of profitability and investment factors, such as factors related to macroeconomic variables (GDP growth, money supply, and interest rate) and industry factors (such as industrial production), or particularly country factors considering Chinese special characteristics (such as policy of Chinese government), which is beyond the scope of this study but is our research in process.
Conclusions
To investigate the explanatory power of profitability and investment factors, we apply FF5F Model on Chinese A-share stock market during the period July 2010 to May 2015 and construct three sets of portfolios, six value-weighted Size-B/P portfolios, six valueweighted Size-OP portfolios, and six value-weighted Size-Inv portfolios. For all the three sets of portfolios, market factor, size factor, and value factor have strong explanatory power for the expected excess returns in the presence of profitability and investment factors. There always exists size effect that the excess returns are negatively related to firm size, and the value effect exists only in Size-B/P portfolios. The CMA factor do have explanatory power for certain portfolios in all three sets of portfolios. However, the RMW factor seems not so convincible; profitability effect exists only in six Size-OP portfolios, in which excess returns are positively related to firms' profitability.
In comparison with FF3F Model, in the presence of profitability factor RMW and investment factor CMA, the value factor HML has been well explained in all three sets of portfolios. However, augmenting FF3F Model with profitability and investment factors seems not to capture more time-series variation of average excess stock returns than FF3F Model alone except for the six value-weighted Size-OP portfolios. Overall, we cannot conclude that FF5F Model performs better than FF3F on Chinese A-share stock market during the research period July 2010 to May 2015.
We also implement the regressions over the same period using US data. The empirical results reveal that FF5F Model explain time-series variation of average excess stock returns slightly better in US stock market than in Chinese A-share stock market. As for the two new factors, profitability factor and investment factor are able to capture partially time-series variation of all three sets of portfolios' returns on US stock market, while on Chinese stock market, the profitability factor seems to be an explanatory factor only for the six Size-OP portfolios. Thus, we propose to augment FF3F Model with factors considering special features of Chinese stock market for future research.
Endnotes
1 Recently, Novy-Marx (2013) identifies a proxy today that predicts expected earnings tomorrow; the profitability factor, which is strongly related to average stock return, and the investment factor were documented by Aharoni, Grundy, and Zeng (2013); see also Titman, Wei and Xie (2004) . Although it has a high correlation with the value and profitability factors, the investment effect is perhaps half as strong, but it is still reliable and significant.
2 The three sets of factors are 2 × 3 sorts on Size and B/M, or Size and OP, or Size and Inv; 2 × 2 sorts on Size and B/M, or Size and OP, or Size and Inv; and 2 × 2 × 2 × 2 sorts on Size, B/M, OP, and Inv (see details in Fama and French, 2014) . In 2 × 3 sorts on Size and B/M, the size and value factors independently sort stocks into two size groups and three B/M groups and construct the size factor SMB and value factor HML as of FF3F model; the 2 × 3 sorts on Size and OP or Size and Inv are the same as Size and B/M except the sort for B/M groups is replaced by operating profitability or investment. 2 × 2 sorts' method is similar as 2 × 3 sorts except that the stocks are all independently sorted into two groups. In 2 × 2 × 2 × 2 sorts, the size factor SMB equals the weights high and low B/M, robust and weak OP, and conservative and aggressive Inv portfolio returns. 3 Details are available on Kenneth R. French's website. 4 In June of each year t, the stocks are sorted into two size groups: small firms (S) and big firms (B), according to their total market value. Independently, stocks are sorted into three B/P groups instead of B/M ratio at each December of year t − 1: low B/P ratio (L), medium B/P ratio (M), and high B/P ratio (H) firms, according to the breakpoint 30 and 70% of values of B/P equity for all the stocks. The intersections of these groups are constructed into six portfolios: small low (SL), small medium (SM), small high (SH), big low (BL), big medium (BM), and big high (BH) portfolios. The value-weighted monthly returns are calculated from July of year t to June of year t + 1, during which the portfolios remain the same, and the portfolios are reconstructed in July of year t + 1. 5 Portfolio SW contains firms with small size and weak profitability; SN contains firms with small size and neutral profitability; SR contains firms with small size and robust profitability, similarly to BW, BN, and BR, which contain firms with big size and weak profitability, neutral profitability, and robust profitability separately. 6 Portfolio SC contains firms with small size and conservative investment; SN contains firms with small size and neutral investment; SA contains firms with small size and aggressive investment, similarly to BC, BN and BA portfolios. 
